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(54) Fast thermal response mold 

(57) The invention is an improvement to mold 
frames having replaceable half-molds for forming golf 
balls. The invention is directed to dividing the flow path 
through the mold for the thermal medium into a plurality 



(2 to the number of cavity rows) of parallel flow paths, 
i.e., water entering the mold flows through only one row 
of half-molds. 




FIG. 3 




Description 

Technical Field 

This invention relates to a mold and, more particu- 5 
larly, to a mold having a mold plate with a plurality of 
cavities for receiving replaceable half-molds. Still fur- 
ther, the invention relates to the flow paths for the ther- 
mal medium for such molds and methods of operating 
such molds. 10 

Background of the Invention 

The present invention relates to improvement to 
molds such as that disclosed in U.S. Patent Nos. is 
4,508,309 and 4,558,499, both of which issued to Rob- 
ert A. Brown, are assigned to Acushnet Company and 
are incorporated herein by reference. These patents are 
directed to the mold frame disclosed in Figures 1 and 2 
herein. Figure 1 discloses a mold frame 24. A plurality of 20 
cavities 26 in the mold frame 24 accommodate golf ball 
half-molds (not shown) and are disposed in a closely 
packed arrangement. 

The prior art mold frame 24 includes a plurality of 
bores 30, 32, 34, 36, 38, 40 and 42 which penetrate 25 
through respective rows of cavities 26. An inlet 48 is 
provided for receiving a thermal medium such as steam 
or cooling fluid. The inlet 48 is disposed at one end of 
bore 30 and an outlet 50 is disposed at the end of bore 
42, the opposite side of the mold frame 24 from inlet 48. 30 
The mold frame 24 also includes cross bores 44 and 46 
on opposite ends of the cavity rows for providing fluid 
communication between the bores 30-42. The ends of 
each bore and cross-bore, except for the inlet 48 and 
the outlet 50, are plugged by a plurality of short plugs 52 35 
threadingly received therein. Longer plugs 54 are dis- 
posed alternately between adjacent bores on opposite 
sides of the plate and serve to selectively block the 
cross-bores to create a serpentine series flow of the 
thermal medium through the adjacent cavities. Thus, 40 
the thermal medium enters through the inlet 48 and 
flows through each bore 30-42 before exiting through 
the outlet 50. 

Referring to Figure 2, the mold frame 24 of the prior 
art is comprised of mold plates 28 that are held in 45 
opposing abutment during the molding operation. Half- 
molds 56 are disposed in the cavities 26 to be held in 
opposed abutment to form golf balls from ball assem- 
blies. Annular lips 58 and 60 jut inwardly from the plate 
members 28 to overhang a larger diameter cavity por- 50 
tion therebetween which is interconnected to the adja- 
cent cavity through the intersecting bores 30-42. 
Annular lips 58 and 60 include seals such as O rings 64 
and 65 to seal around the half-molds 56. 

Thus, the thermal medium that enters the mold 55 
frame 24 at inlet 48 will flow in a serpentine flow pattern 
and will flow around each of the half-molds 56 to provide 
the heating or cooling thereof. As the thermal medium 
flows past each half-mold 56 there is a transfer of ther- 
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mal energy. For example, as cooling fluid flows past a 
half-mold 56, heat from the half-mold 56 will be trans- 
ferred to the cooling fluid under the principles of forced 
convection and conduction. Thus, the half-mold 56 will 
loose heat and the cooling fluid will gain heat. There- 
fore, the cooling fluid will be at a higher temperature as 
it flows around each later half-mold 56 in the flow path 
and the efficiency of the cooling fluid to cool the later 
half-mold 56 is reduced. 

Thus, when heating or cooling the prior art mold, 
there existed a substantial temperature differential 
between the first and last half-mold in the serpentine 
flow path. One problem that exists with this type of mold 
is that to properly melt the golf ball cover material, the 
mold 24 has to be preheated. Preheating the mold to 
the melting temperature helps insure that the molding of 
the golf balls is uniform. However, preheating the mold 
adds to the molding cycle time and makes loading the 
half-molds difficult. Also, the mold operator must load 
the ball assemblies into the half-molds. Thus, from an 
operator's standpoint, it is much more advantageous to 
load the half-molds when the mold is cold rather than 
hot. 

In order to properly mold the golf balls in the prior 
art mold, the process comprised the steps of preheating 
the mold, loading half-molds, melting the golf ball cover 
material with hot thermal medium, cooling the golf balls 
with cold thermal medium and then unloading the mold. 
Thus, the preheating step provided an inefficiency in the 
molding process in that the mold had to be opened 
twice to unload and load the half-molds. 

Summary of the Invention 

The invention is an improvement to the mold frame 
described above. More particularly, the invention is a 
mold configured to have an improved flow path for the 
thermal medium. The invention is directed to dividing 
the flow path through the mold for the thermal medium 
into a plurality (2 to the number of cavity rows) of parallel 
flow paths, i.e., water entering the mold flows through 
only one row of half-molds. In this manner, the maxi- 
mum number of half-molds in any one flow path is 
reduced. Thus, the thermal medium will flow around a 
reduced number of half-molds such that the thermal 
response delay between the first and last half-mold is 
reduced and the time/temperature response of all half- 
molds in the mold is much more uniform. 

In one embodiment of the invention, the mold frame 
includes two inlets. The thermal medium enters the 
mold through the inlets and divides to flow through the 
rows of half-molds. The total thermal medium that 
enters each inlet will flow through approximately V2 of 
the rows of half-molds. However, any portion of the ther- 
mal medium will only flow around half-molds in one row 
which is substantially less than with the serpentine flow 
path. Thus, the temperature change and the pressure 
drop of the thermal medium from when it flows around 
the first half-mold to when it flows around the last half- 
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mold in its flow path is greatly reduced over the prior art. 

In another embodiment of the invention, the flow 
path is divided into parallel flow paths equal to the 
number of cavity rows. In other words, there are the 
same number of inlets as cavity rows. Again, the flow s 
enters the mold plates, flows across only one row of 
mold cavities and half-molds, and exits the mold. In this 
embodiment, there is no pressure drop in the mold 
plates for flow diversion. Thus, the temperature change 
and the pressure drop of the thermal medium from 10 
when it flows around the first half-mold to when it flows 
around the last half-mold is greatly reduced over the 
prior art. 

The present invention is also directed to an 
improved method of operating the mold. The method 15 
incorporates flowing thermal medium in parallel paths 
through the half-mold rows. More particularly, the 
method includes substantially increasing the thermal 
medium volume flow rate through the entire mold, but 
maintaining the same flow velocity through each half- 20 
mold row. Since the flow path length and complexity is 
reduced through the mold, the pressure drop through 
the mold is substantially decreased. Thus, the amount 
of thermal medium flowing through the mold is 
increased, but the energy required to produce the flow 25 
is substantially the same. Thereby, the mold efficiency is 
greatly increased and the power required to operate the 
mold remains substantially constant. 

Furthermore, the method of operating the mold 
includes unloading and loading the half-molds from the 30 
mold while the mold is in the cold state. The method is 
comprised of the steps of cooling the mold by flowing 
cold thermal medium such as cold water therethrough, 
unloading and loading under cool conditions, purging 
the cold thermal medium with compressed air, flowing 35 
hot thermal medium such as steam through the half- 
mold rows to mold the golf balls and flowing cold ther- 
mal medium through the half -mold rows to cool the golf 
balls. 

40 

Brief Description of the Drawings 

Figure 1 is a top view of a prior art mold frame; 
Figure 2 is a partial cross-sectional view through 
lines 2-2 of Figure 1 of the prior art mold frame; 45 
Figure 3 is a top view of a first embodiment of a 
mold frame according to the present invention; 
Figure 4 is a top view of a second embodiment of a 
mold frame according to the present invention; 
Figure 5 is a cross-sectional view of an improved so 
half-mold cup that can be used with the first or sec- 
ond embodiment; 

Figure 6 is a schematic of the method of molding 
golf balls from ball assemblies; 
Figure 7 is a graphical depiction of prior art method 55 
of molding golf balls from ball assemblies; and 
Figure 8 is a graphical depiction of the method of 
molding golf balls from ball assemblies using the 
first embodiment mold shown in Figure 3. 



Detailed Description of the Preferred Embodiments 

Figure 3 discloses a first embodiment of a mold 
frame 124 according to the present invention. The mold 
frame 124 includes a plurality of cavities 126 for accom- 
modating golf ball half -molds 1 56, that are disposed in a 
closely packed arrangement in a mold plate member 
128. 

A plurality of bores 130, 132, 134, 136, 138, 140 
and 142 penetrate respectively through cavities 126 and 
thereby define rows of cavities. These bores 130-142 
provide channels for fluid communication between each 
adjacent cavity in the rows. Thus, the thermal medium 
such as steam, hot liquid or cooling liquid, such as water 
or ethylene glycol, can be introduced to the mold for 
heating and cooling each of the half-molds as required. 
The mold frame 124 includes a plurality of inlets 148. In 
this embodiment, there are two inlets 148A and 148B. 
The mold frame is configured such that the thermal 
medium will flow into a cross bore 144. The cross bore 
is dimensioned larger than the cavity row bores 130-142 
such that it can incorporate a significantly greater 
amount of flow to be divided into flow through the cavity 
row bores. The thermal medium entering through inlet 
148A will flow through bores 130, 132, 134 and 136. 
Fluid entering through inlet 148B will flow through bores 
142. 140, 138 and 136. The mold is further configured 
such that the thermal medium can flow through an end 
cross bore 146 and exit through the outlets 150A and 
150B. Again, the end cross bore 146 is dimensioned 
larger than the cavity row bores 130-142 so that sub- 
stantially more flow can traverse therethrough. Prefera- 
bly, the cross bores 144 and 146 are dimensioned to 
have about twice the cross-sectional area as the cavity 
row bores 130-142. For example, the cross bores are 
preferably 3 A" diameter for cavity row bores of W diam- 
eter. 

Referring to Figures 7 and 8, the difference in tem- 
perature of the last cavity in the flow path to the first cav- 
ity in the flow path is substantially reduced for the 
duration of a molding cycle for the present invention 
over the prior art. For example, when the golf ball mold 
cavities are heated to approximately 245° Fahrenheit 
and then cooled with hot water at approximately 200° 
Fahrenheit, the difference in temperature between the 
first mold cavity and the last mold cavity of each of the 
flow paths is greatly decreased. As shown in Figure 7, 
there is a substantial lag in the change of temperature 
for T3, which is the temperature of the last half-mold in 
the serpentine flow path. Comparatively, Figure 8 
includes the temperature for three of the first half-molds 
and all of the last half-molds. These temperatures are 
substantially more uniform in the cycle than those in 
Figure 7. Moreover, the time it takes for all of the half- 
molds to reach a temperature of less than 50° by flowing 
cold water at approximately 40° is just greater than V2 
the time it takes for the serpentine flow path of the prior 
art. Thus, the temperature cycle for the half-molds in the 
present invention is more uniform and quicker than in 
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the serpentine flow mold. 

Referring back to Figure 3, there are seven rows ot 
cavities disclosed with six cavities in each row, i.e. a 42 
cavity mold. One advantage of the present invention is 
that the number of rows and/or the number of cavities 
per row can be increased since the flow path of the ther- 
mal medium is decreased. Thus, mold frames having 
nine or more rows of cavities and seven cavities or more 
per row could be used to greatly increase the productiv- 
ity of the golf ball mold. 

Referring to Figure 4, a second embodiment of a 
mold frame 224 according to the invention is shown. 
Again, the mold frame 224 includes a plurality of cavi- 
ties 26 for accommodating golf ball half-molds (not 
shown). These mold cavities are disposed in a closely 
packed arrangement in a mold frame plate member 28. 
The mold frame 224 further includes a plurality of bores 
230, 232, 234, 236, 238, 240 and 242 which penetrate 
respectively through cavities 26 and, thereby, define 
rows of cavities. These bores 230-242 form channels for 
providing for the fluid communication between each 
adjacent cavities 26 in the row. This allows for the ther- 
mal medium, such as steam or cooling liquid, to flow 
around the half-molds (not shown). 

Again, in this embodiment, the flow paths are in a 
parallel arrangement, such that any portion of the ther- 
mal medium only flows through one row of cavities. 
Each of the rows of cavities and bores 230 through 242 
has its own inlet 248A through 248G and its own outlet 
250A through 250G on respective ends of the bores. 

Referring to Fig. 5, the present invention can also 
be practiced with an improved half-mold 156. The half- 
mold 156 includes an inner cavity 158 for receiving ball 
assemblies. The half-mold includes two circumferential 
seal grooves 162 and 163 for receiving sealing means 
such as O-rings. Finally, the half-mold 156 includes a 
circumferential flow channel 160 which is machined 
from the outer surface of the half -mold 156. By machin- 
ing the flow channel 160 out of the half-mold 156 rather 
than the mold plate, the mold frame 128 becomes more 
durable and the flow path around the half-mold is more 
uniformly conforming to the ball assemblies. More par- 
ticularly, the channel surface 161 can more closely fol- 
low the contour of the inner cavity 158 such that the ball 
assembly therein is more uniformly heated or cooled 
than when fluid flows around the perpendicular walls 
disclosed in the prior art. 

In any embodiment of the present invention, the 
mold can be operated by an improved method. The 
method incorporates the step of flowing thermal 
medium in parallel paths through the half-mold rows 
which are defined by the cavity flow bores to reduce the 
thermal response differential between first and last 
molds. Preferably, the method includes substantially 
increasing the thermal medium volume flow rate 
through the entire mold and maintaining the flow veloc- 
ity. This can be accomplished because there is a sub- 
stantial drop in pressure loss through the system. For 
example, in the prior art mold, thermal medium could be 



pumped through the mold at approximately five to six 
gallons per minute. Comparatively, the present mold 
can be operated by flowing approximately four to five 
gallons per minute through each half-mold row. In the 
5 prior art, the flow had to be at a much higher pressure to 
serpentine through the mold than in the present inven- 
tion. One advantage to flowing the fluid in the less 
restrictive flow path of the present invention is that the 
pressure drop through the mold is substantially 
w reduced. Thus, in the present invention, the amount of 
thermal medium flowing through the mold can be 
increased over the prior art, but the energy required to 
produce the flow is substantially the same the prior art. 
Therefore, in the present invention, the mold efficiency 
15 is greatly increased and the power required to operate 
the mold remains substantially constant. 

Another advantage over the prior art is that the 
mold of the present invention can be operated in an 
advantageous manner because of the decrease in ther- 
20 mal response time and variation. In the prior art mold, 
the mold had to be preheated before loading the golf 
balls so that the golf balls would be uniformly cured. In 
the present invention, the method of operating the mold 
can include unloading and loading the half-molds from 
25 the mold while the mold is in the cold state. 

Referring to Fig. 6. the preferred method is com- 
prised of the steps, loading the half-molds with ball 
assemblies when the mold is cold; i.e., the mold is less 
than 100 degrees Fahrenheit, closing the mold; purging 
30 any cold or tower water from the mold with compressed 
air; molding the golf balls by flowing hot thermal 
medium, such as steam at a temperature of about 350 
degrees Fahrenheit to heat the mold to between 275 
and 295 degrees Fahrenheit such that the cover mate- 
35 rial of the ball assemblies melt, cooling the mold to an 
intermediate temperature by flowing hot water at a tem- 
perature between 180 and 210 degrees Fahrenheit or 
tower water at approximately 85 degrees Fahrenheit 
through the half-mold rows; and cooling the half-molds 
40 to a cold state by flowing cold thermal medium such as 
cold water at a temperature between 35 and 45 degrees 
Fahrenheit, through the half-mold rows to cool the cured 
golf balls; opening the mold; flowing tower water at 
approximately 80-85 degrees Fahrenheit to prevent 
45 condensation when the mold is open and unloading the 
molded golf balls from the cold mold. In the most pre- 
ferred method, hot thermal medium such as steam at 
about 350 degrees Fahrenheit is used to heat the molds 
to approximately 280 degrees Fahrenheit to mold the 
50 golf balls and the cold thermal medium is water at about 
40 degrees Fahrenheit. A further step of flowing moder- 
ate thermal medium such as tower water at approxi- 
mately 85 degrees Fahrenheit can be used to reduce 
the drastic effect of the cooling cycle. Also, the operation 
55 can include flowing tower water through the mold when 
the mold is open to prevent condensation in the half- 
molds and compressed air can be used to purge the 
water from the mold before steam is introduced into the 
mold. 
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While it is apparent that the illustrative embodi- 
ments of the invention herein fulfills the objectives of the 
invention, it will be understood that the appended claims 
are intended to cover all such modifications and embod- 
iments which come within the spirit and scope of the 5 
present invention. 

Claims 

1 . A mold frame for receiving a plurality of half-molds 10 
comprising: 

a frame plate member having a plurality of cav- 
ities therein, said cavities being configured for 
receiving replaceable half-molds, each of said is 
half-molds, when received in a respective one 
of said cavities, defines a space between itself 
and the walls of the respective cavity; 
a plurality of cavity bores for providing fluid 
communication between the spaces surround- 20 
ing the half-molds and defining rows of half- 
molds. 

a plurality of inlets to provide parallel flow paths 
for fluid communication between the spaces 
surrounding said half-molds in said cavities, 25 
such that fluid directly contacts each of said 
half-molds and only flows through one row of 
half-molds. 

2. The mold frame of claim 1 wherein the mold frame 30 
includes 2 inlets. 

3. The mold frame of claim 1 wherein the mold frame 
includes an inlet for each of said bores. 

35 

4. A mold frame comprising in combination: 

a mold plate having a plurality of cavities 
therein for receiving a plurality of respective 
half-molds, each of said half-molds being 40 
replaceable and defining a space between 
itself and a wall of the respective cavity; and 
flow means in said mold plate for providing a 
plurality of parallel flow paths for fluid and fluid 
communication between said spaces sur- 45 
rounding said half-molds, and for providing 
direct physical contact of fluid with a least a 
portion of each of said half-molds. 

5. The mold plate of claim 4 wherein said flow means so 
comprises a plurality of bores interconnecting cavi- 
ties and defining a plurality of rows of cavities. 

6. The mold plate of claim 5 wherein the mold frame 
further comprises a plurality of inlets for introducing 55 
fluid into said mold frame such that any fluid enter- 
ing said mold frame only flows through one row of 
cavities. 



7. The mold frame of claim 6 wherein the mold frame 
has 2 inlets for introducing fluid into said bores. 

8. The mold frame of claim 6 wherein the mold frame 
has an inlet for each of said rows of cavities. 

9. A mold frame for molding golf balls comprising in 
combination: 

a mold plate having a plurality of cavities 
therein arranged in a plurality of closely packed 
rows; 

a plurality of half-molds disposed respectively 
in said cavities, said half-mold being adapted 
for compression molding of golf balls in said 
half-mold and being replaceable; and 
annular sealing means at upper and lower por- 
tions of each of said cavities, said annular seal- 
ing means in each of said cavities cooperating 
with said half-molds disposed therein to form a 
sealed annular cavity portion between said 
upper and lower portions; 
a plurality of cavity bores in said mold frame for 
interconnecting adjacent annular cavity por- 
tions in each of said plurality of rows and cross- 
bores for interconnecting the cavity bores; and 
a plurality of inlets arranged for fluid introduc- 
tion into said cavity bores whereby fluid flow 
through said cavity bores and said annular cav- 
ity portions is parallel. 

10. The mold frame of claim 9 further comprising at 
least 2 inlets for introducing fluid into said cavity 
bores in parallel flow paths. 

11. The mold frame of claim 10 wherein said mold 
frame has an inlet for each of said cavity bores. 

12. A method of operating a mold frame for molding golf 
balls and comprised of a frame plate member hav- 
ing a plurality of cavities therein for receiving a plu- 
rality of half-molds and a plurality of bores for fluid 
communication between half-molds and defining a 
plurality of half-molds rows, comprising the steps 
of: 

loading ball assemblies into the half-molds; 
molding golf balls from the ball assemblies by 
flowing thermal medium in parallel paths 
through the half-mold rows such that any por- 
tion of the thermal medium flows through only 
one of the half-mold rows; and 
unloading the molded golf balls from the half- 
molds. 

13. The method of claim 12 further comprised of the 
step of cooling the half-molds by flowing cold ther- 
mal medium through the half-mold rows in parallel 
paths through the half-mold rows such that any por- 
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tion of the cold thermal medium flows through only 
one of the half -mold rows. 

14. The method of claim 13 wherein the cold thermal 
medium flows through each of the half-mold rows at 5 
approximately four to five gallons per minute. 

15. The method of claim 12 wherein the steps of load- 
ing the ball assemblies and unloading the golf balls 
from the half-molds are completed while the mold is w 
cold. 

16. The method of claim 12 further comprising the 
steps of flowing tower water through the mold when 
the mold is open and purging the tower water from is 
the mold with compressed air after the mold has 
been loaded with ball assemblies and closed. 

17. The method of claim 12 further comprising the step 

of melting the cover material of the ball assemblies 20 
by flowing hot thermal medium through the half- 
mold rows in parallel paths through the half-mold 
rows such that any portion of the hot thermal 
medium flows through only one of the half-mold 
rows. 25 

18. The method of claim 13 wherein the step of cooling 
the half-molds is comprised of flowing cold water at 
a temperature between 35 and 45 degrees Fahren- 
heit through the half-mold rows. 30 

19. The method of claim 12 further comprising the step 
molding golf balls by flowing steam at a tempera- 
ture of about 350 degrees Fahrenheit through the 
half-mold rows in parallel paths to heat the half- 35 
molds to a temperature of between 275 and 295 
degrees Fahrenheit and flowing hot water at a tem- 
perature between 180 and 220 degrees Fahrenheit 
through the half-mold rows in parallel paths. 

40 

20. The method of claim 1 2 wherein the step of molding 
golf balls is comprised of flowing steam to heat the 
half-molds to a temperature of about 280 degrees 
Fahrenheit. 

45 

21 . The method of claim 1 8 wherein the cold water is at 
about 40 degrees Fahrenheit. 
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LOAD BALL ASSEMBLIES 
INTO THE HALF-MOLDS 

I ~~ 

CLOSE THE MOLD 



PURGE ANY 
WATER FROM 
THE MOLD WITH 
COMPRESSED AIR 

i : 

HEAT THE MOLD TO 
ABOUT 280 DEGREES 
FAHRENHEIT BY 
FLOWING STEAM 
IN PARALLEL PATHS 
THROUGH THE 
HALF-MOLD ROWS 



COOL THE MOLD TO AN 
INTERMEDIATE 
TEMPERATURE BY 
FLOWING HOT OR TOWER 
WATER IN PARALLEL 
PATHS THROUGH THE 
HALF-MOLD ROWS 



COOL THE MOLD TO A 
COLD STATE BELOW 100 
DEGREES FAHRENHEIT 
BY FLOWING COLD 

WATER IN 
PARALLEL PATHS 

THROUGH THE 
HALF-MOLD ROWS 



OPEN THE MOLD 



WARM THE MOLD BY 
FLOWING TOWER WATER 
IN PARALLEL PATHS 
THROUGH THE 
HALF-MOLD ROWS 



UNLOAD THE MOLDED 
GOLF BALLS FROM THE 
HALF-MOLDS 



FIG. 6 
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